Objective and design: Long-term consequences of mild traumatic brain injuries were investigated based on a 10-year follow-up of patients from a previously-published randomized controlled study of mild traumatic brain injuries. One aim was to describe changes over time after mild traumatic brain injuries in terms of the extent of persisting post-concussion symptoms, life satisfaction, perceived health, activities of daily living, changes in life roles and sick leave. Another aim was to identify differences between the intervention and control groups. Patients: The intervention group comprised 142 persons and the control group 56 persons. Methods: Postal questionnaires with a response rate of 56%. Results: No differences over time were found for the intervention and control groups in terms of post-concussion symptoms. In the intervention group some variables in life satisfaction, perceived health and daily life were decreased. Some roles had changed over the years for both groups. No other differences between the intervention and control groups were found. However, in both groups sick leave decreased. Conclusion: Early individual intervention by a qualified rehabilitation team does not appear to impact on the longterm outcome for persons with symptoms related to mild traumatic brain injuries. The status after approximately 3 weeks is indicative of the status after 10 years.
INTRODUCTION
Mild traumatic brain injuries (MTBI), defined as; "any period of loss of consciousness; any loss of memory for events immediately before or after the accident; any alteration in mental state at the time of the accident (e.g. feeling dazed, disorientated, or confused); loss of consciousness of approximately 30 minutes or less; after 30 minutes, an initial Glasgow Coma Scale of 13-15; and post-traumatic amnesia not greater than 24 hours" (1), has an incidence in Sweden of approximately 175 per 100,000 inhabitants per annum (2).
MTBI can be followed by post-concussion symptoms (PCS), such as headaches, memory problems, dizziness, irritability and poor concentration (3). An important symptom is fatigue, which influences mental health and, in turn, participation in social, leisure and work activities. Over time, the problems with fatigue will, however, diminish, but some persons will experience problems even after 10 years (4) and so will continue to require healthcare services (5). Many persons who have MTBI have a decreased health-related quality of life (6, 7). However, previous studies have demonstrated that insufficient attention has been paid to the role of psychological distress or pain from associated injuries contributing to PCS (8).
Pre-existing psychiatric or substance abuse problems, poor general health, depression, life stress, unemployment, and protracted litigation may hinder patient recovery (9).
In a prospective randomized controlled trial (RCT) comprising 355 MTBI patients over the years 1997-2001 (see Fig. 1 ), no improvements were found at the 1-year follow-up in the 96 persons who received intervention, nor in the 150 persons who declined intervention (10). The 96 persons in the intervention group received intervention comprised of information provision, counselling, general encouragement and pharmaceutical assessment 2-8 weeks after the injury. Furthermore, individualized treatment was provided to address PCS and enhance daily activities. Controls (n = 109) and persons in the intervention (n = 150) group who declined intervention recovered and returned to their pre-injury status. Hence, individual intervention by a qualified rehabilitation team did not appear to change the outcomes 1 year after injury.
At present, i.e. 10 years later, no follow-up exists within the public medical service in Sweden for persons with MTBI (11), and the evidence remains limited about how best to support them (12, 13). Hence, however unlikely, possible longterm effects of the individual interventions remain unclear. Consequently, the aim of the present study was to investigate the long-term consequences of MTBI, based on a 10-year follow-up of patients from a previously-published randomized controlled study of mild traumatic brain injuries (10). The objective was to describe changes that occur in the 10 years following MTBI, in terms of residual PCS, life satisfaction, participation in activities of daily living (ADL), perceived health, changes of life roles and sick leave. A secondary objective was to examine any differences between the group that received intervention and the control group, approximately 10 years after MTBI. Exclusion criteria for the original study described above were: previous clinically significant brain disorders (earlier brain injury, psychiatric disease, or intellectual disabilities), a history of substance abuse, language difficulties (non-native Swedish speakers) and not being a resident of the catchment area.
METHODS

Participants
Randomization was performed in the proportion 2:1 (rehabilitation group: control group) (14). The two groups were balanced according to the following 10 variables (age, sex, loss of consciousness, amnesia, acute alcohol intoxication, focal neurology, dizziness, headache, vomiting, and nausea). In the intervention group, 246 patients were contacted by telephone 2-8 weeks (median 3 weeks) after the MTBI. The patients were asked if anything had changed in their lives after the injury. There were 150 of the 246 patients who just had a few PCS and stated that their health had been restored to pre-injury level and thus declined treatment. The remaining 96 patients who felt unwell because of PCS were offered an appointment at the rehabilitation centre. The control group had no contact with the rehabilitation centre.
In the present follow-up study total, 142 (58%) persons in the intervention group and 56 persons (51%) in the control group agreed to participate. Their demographic data are presented in Table I .
No drop-out analysis was performed.
Instruments
The assessments instruments were:
• Post-Concussion Symptoms Questionnaire (PCSQ), comprising 20 "Yes" or "No" questions (3).
• Life Satisfaction Questionnaire (LiSat-11) (15), comprising 11 questions responded to on a 6-grade scale. Higher scores indicate better life satisfaction. (20), including 11 "Yes" or "No" questions on "at present" participation in different occupational roles and 11 "Yes" or "No" questions on sought after, i.e. "wish to", participation in these roles.
• Self-reported sick leave data for the last 10 years.
The study was approved by a regional ethics committee at Gothenburg University.
Statistical methods
Comparisons within the groups were made between baseline, i.e. the injured person's self-rated measurement on the following instruments: LiSat-11, IAM, Role Checklist, and the 10-year follow-up. PCSQ, SF-36 and sick leave within-group data were compared between 1 and 10 years after the injury. Statistical analyses were performed using the Statistical Package for Social Science (SPSS) (version 14.0). Pearson's χ 2 or Fischer's exact test, depending on the expected count, were used to analyse changes over time and differences between the two groups with respect to PCSQ, IAM, Role Checklist and sick leave data. Wilcoxon's signed-rank test was used to analyse the paired LiSat-11 and SF-36 data over time and Mann-Whitney U test to analyse differences between the two groups with respect to LiSat-11 and SF-36 data at the 10-year follow-up.
All analyses were based on a α = 0.05, but Bonferroni corrections were applied to avoid type I errors. Hence, the critical α-values were adjusted to:
• 0.0040 for IAM and LiSat-11 item comparisons; • 0.0020 for PCSQ and Role Checklist item comparisons; • 0.0014 for SF-36 data item comparisons.
RESULTS
Post-concussion symptoms
In the analysis of the persistence of post-concussion symptoms, no differences were found over time, either within the intervention group, or within the control group. Comparisons of data between the intervention group and control group collected at the 10-year follow-up revealed no differences, as shown in Table II .
Life Satisfaction Questionnaire
With respect to "Life in general", comparisons of data at baseline and 10 years after injury revealed a decrease in life satisfaction for the intervention group, i.e. a mean decrease of 0.32 (95% confidence interval (CI) 0.13-0.53, Z (133) = -3.1, p = 0.002), in "Contacts" with friends and acquaintances, i.e. a mean decrease of 0.45 (95% CI 0.28-0.68, Z (133) = -3.6, p < 0.001), and in the ability to manage ADL, i.e. a mean decrease of 0.35 (95% CI 0.19-0.51, Z (131) = -4.1, p < 0.001). However, the item "Somatic health" decreased in both groups, i.e. the mean decrease in the intervention group was 0.51 (95% CI 0.28-0.74, Z (134) = -4.2, p < 0.001), whereas a mean decrease of 0.80 (95% CI 0.41-1.2, Z (53) = -3.7, p < 0.001) was found in the control group. No other decreases were found over time. Furthermore, between the 2 groups at the 10-year follow-up, no differences were found with respect to any of the items in LiSat-11.
Instrumental Activity Measure
In the intervention group, more participants reported problems cooking a meal and fewer were driving at the 10-year follow- up in comparison with baseline, as shown in Table III . At the 10-year follow-up, no differences were found between the two groups with respect to any of the items in IAM.
Short-Form Health Survey
In the analyses of the SF-36 data over time, 2 of the 8 domains, viz. "Bodily pain" and "Vitality (energy and fatigue)" demonstrated a lower score at the 10-year follow-up in the intervention group. For the control group, no differences over time were found. Moreover, no differences were found between the two groups at the 10-year follow-up, as shown in Table IV , which also provides Swedish reference data.
Role checklist
More persons in the intervention group aimed to have the "Student" role at baseline rather than after 10 years. The intervention group further claimed to have "Other" roles more frequently at 10 years than at baseline, whereas the control group had the role as "Friend" less frequently at 10 years than at baseline, as shown in Table V . No differences were found between the two groups at the 10-year follow-up.
Sick leave data
No significant differences were found between the two groups at the 1-year follow-up and at the 10-year follow-up. However, in both groups, a decrease in sick leave was found. At the 1-year follow-up, 15% were on sick leave, whereas at the 10-year follow-up, 9% were on sick leave. Of those 17 persons', 9 persons' sick leave could be attributed to the MTBI, whereas the others' sick leave had no association with their MTBI.
DISCUSSION
Based on the 10-year follow-up, early individual intervention by a qualified rehabilitation team does not appear to impact on the outcome for persons with MTBI. This is consistent with findings from the one-year follow-up (10). It is plausible that those with few PCS recovered spontaneously within a period of two weeks up to two months after MTBI, while persons with more PCS and other problems approximately 2-8 weeks after injury did not improve after 1 year, nor after 10 (10) years. All acquired PCS remained stable in both groups, and no new symptoms occurred. Indeed, the persons in the intervention *Significantly different (p < 0.0014) at the 10-year follow-up compared with one year after injury. group had a lower life satisfaction than controls concerning "Life in general", as well as with respect to "Contacts" and "ADL" functions. Ten years after the MTBI, all participants reported reduced "Somatic health", but only those in the intervention group experienced decreased satisfaction with respect to peers and friends. In the present study, perceived life satisfaction (15) and health (17, 18) among the participants were also reduced 10 years previously. Another follow-up study (21) confirms that the quality of life and well-being do not change after MTBI. However, 10 years is a long time and many critical events can occur in a person's life that may affect the outcome of quality of life instruments, regardless of any prevailing PCS. Whether or not this is the underlying reason for our results remains unknown. More information is needed about every person's life over this time-span, in order to answer that question.
Nevertheless, the fact that the intervention group had poorer outcomes was also reflected by the fact that they drove less and more often encountered problems in preparing a meal at the 10-year follow-up. Both of these activities require executive functions and simultaneous capacity. This finding is consistent with another 10-year follow-up (22), which found that persons who had traumatic brain injuries had a worse outcome than healthy controls with respect to cognition, including executive functions. Furthermore, the SF-36 (17, 18) domains "Bodily pain" and "Vitality (energy and fatigue)" were scored lower than at the one-year follow-up for the intervention group. However, at the one-year follow-up (10) both the intervention group and controls reported significantly poorer health-related quality of life than a Swedish reference group, a fact that also remained stable after 10 years. At this second follow-up, the inter vention group were less inclined to be students, but reported that they now had roles they did not have before the MTBI. It should be noted that at baseline, 51% were between 16 and 30 years of age so it was expected that the roles would change over the subsequent 10-year period, which may explain these results. Surprisingly, however, sick leave decreased to half of the amount at the one-year follow-up, but was the same in both groups, despite the fact that controls had already recovered from MTBI one year after the injury (10). Hence, despite poorer outcomes in some aspects, the ability to work in the intervention group was not affected in comparison with the control group. A previous study found that person characteristics, injury severity and cognitive functions were not associated with vocational status (23), supporting the findings of the present study. However, sick leave data were self-reported in the present study with no confirmation from the social insurance office.
Although good recovery can be expected for most adults sustaining MTBI (5), the risk factors for a poor outcome after a MTBI remain unidentified. Some studies state that an organic structural change occurs in the brain at the acute stage of MTBI, but these changes usually resolve within 3 months (24). In a study of persons with traumatic brain injury and their relatives, a high correlation was found between their reporting of problems and neurobehavioral functioning. The same study also reported an association between subjective reports of cognitive problems and actual test performance, but much stronger relationships were found between cognitive and emotional changes (25). However, in the present study patients with previous clinically significant brain disorders (previous brain injuries, psychiatric diseases or intellectual disabilities), a history of substance abuse and language difficulties were excluded in order to avoid confounding factors that were significantly related to poor outcomes. Only a few intervention studies have focused on reducing the prolonged effects of MTBI (22, (26) (27) (28) . A follow-up by Jacobsson et al. (28) reported that individuals with MTBI were more affected than expected. In addition, a 5-7-year followup found that persons after MTBI reported significantly more PCS and poorer perceived health compared with age-and sex-matched control groups (26). Another follow-up study, 5-7 years after head injury showed that poor outcomes were strongly associated with psychosocial factors (29). Several studies state that individual psychological prerequisites, premorbidity, and the ability to handle the situation after a MTBI are crucial outcome factors (23, 30, 31) . Post-injury psychiatric morbidity, depression and pain, e.g. headache, have a strong relationship with the outcome after MTBI, in addition to work, family and friends (31, 32) .
Another important factor for the outcome is that an intervention focusing on PCS may in fact increase the awareness of PCS-like symptoms in any persons (33) (34) (35) . Consequently, the self-report checklists may have the unwanted consequence of teaching the person how to focus on and simulate symptoms of head injury more convincingly (34-35). The preceding RCT study (8) showed that participants reported significantly more symptoms when a list of symptoms were read for them than when they were asked to state their symptoms spontaneously. With respect to PCS, they are also claimed to be common in the normal population (30) where high rates of acute PCS have been found in persons without traumatic brain injuries. A limitation to the present study is that no information was collected about use of drugs or other therapies during the 10 years. Almost certainly there are interactions between all the factors mentioned.
Litigation or compensation may alter or mitigate possible long-term effects of MTBI (31) and, in combination with depression and pain, they could have an effect on the outcome larger than the brain injury in itself (31, 32) . A limitation of the present study is that we have not investigated these factors. Further limitations are low recruitment, and as restricted by the regional ethics committee, that no drop out analysis was performed.
The conclusion of the original RCT study and the present study is that the intervention may not have the desired effect. Furthermore, individuals in the follow-up 2-8 weeks after the MTBI who declined treatment because their health issues had restored maintained the same status 10 years later. This indicates that persons who feel well within two months after a MTBI may not have any problems or reduced health related to MTBI in the future.
In summary, the 10-year follow-up showed no differences between the intervention and control groups in terms of PCS, life satisfaction, ADL, perceived health, roles and sick leave. Over time, some minor changes occurred with respect to ADL, life satisfaction and perceived health in the intervention group. However, in both groups, sick leave decreased significantly.
